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Abstract 26 
In cotton-top tamarins (Saguinus oedipus) scent glands have been mostly studied on females 27 
from museum collections. This work aims to extend investigation to male specimens, 28 
introducing a novel source of skin samples. Two adult males pertaining to Zoo populations, 29 
one intact and one castrated, were immediately frozen after natural death. Skin samples were 30 
later collected at the thawing onset, soaked with cold fixative and processed for light 31 
microscopy (LM). Sebaceous units of scent glands showed phasic secretory activity in the 32 
intact male, and marked fibrosis in the castrated male. It appears therefore that, LM samples 33 
from frozen tissues provided detailed features that can disclose distinctive traits in specimens 34 
characterized by different hormonal balances.  35 
 36 
 37 
Introduction 38 
 39 
Chemical communication plays fundamental roles in several animal taxa [Alaux et al., 40 
2010]. Scent molecules are mostly volatile and convey information to individuals of the same 41 
or different species [Albone and Shirley, 1984; Setchell et al., 2010; Setchell et al., 2011]. In 42 
most vertebrates, such compounds are released from complex cutaneous gland bodies [French 43 
and Snowdon, 1981] in association with particular behaviors.  44 
Confirming the adaptive flexibility of secretory cell lines in the skin of vertebrates, 45 
scent glands are composed of constitutive cutaneous exocrine units that form conspicuous 46 
gland bodies in specific areas [Quagliata et al., 2006]. In mammals, scent glands are 47 
associated with hair follicles and include specialized sebaceous (holocrine and acinar) glands: 48 
SGs, and apocrine (tubular) glands: AGs. Both are derived from a common hair follicle 49 
anlage and release their products onto the body surface through the hair channel with aid from 50 
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the hair erector muscles [Ozaki et al., 2004]. AGs produce the appropriate scent molecules, 51 
whereas SGs manufacture a carrier that delays degradation of scent molecules after release 52 
[Welsch et al., 1998; Stoeckelhuber et al., 2000]. 53 
Strepsirrhine primates use olfactory cues to communicate various information, such as 54 
to assess a signaller’s reproductive state, dominance status, or individual identity and to 55 
modulate the reproductive competence of conspecifics [Epple et al., 1980; reviewed in 56 
Scordato and Drea, 2007]. The cotton-top tamarin (Saguinus oedipus) exhibits two patterns of 57 
scent marking behavior that involve the anogenital and suprapubic regions and are more 58 
frequent in females than males [French and Snowdon, 1981]. Morphological studies from the 59 
family Callitrichidae reveal thick clusters of SGs and AGs in the anogenital and suprapubic 60 
skin that differ between species [French and Cleveland, 1984] and are more developed in 61 
females than in males [Perkins, 1969].  62 
The aims of this study employing light microscopy (LM) are: 1) to provide an 63 
alternative approach to the traditional use of animals from museum collections (that 64 
underwent a prolonged in toto fixation with formic aldehyde, [Moraes et al., 2006]) by 65 
investigating specimens frozen immediately after natural death; 2) to further the 66 
understanding of male glands that, to date, have been largely neglected.  67 
 68 
Methods 69 
 70 
In order to get specimens suitable for investigations, we founded a collaborative 71 
network between the University of Florence and Italian zoological gardens. Skin fragments 72 
were collected from two adult male tamarins that had been frozen after their natural deaths. 73 
Animals housed respectively at the Pistoia Zoological Garden and the Punta Verde Zoological 74 
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Park (both in Italy). The tamarin at the Pistoia Zoological Garden had undergone castration in 75 
accordance with the European Endangered Species Breeding Programs protocol.  76 
During defrosting, the veterinary surgeon removed skin samples (25 mm2 of free 77 
surface, and thickness ranging from 5-7 mm) from seven cutaneous areas: three in the 78 
suprapubic (proximal, intermediate and distal to-from the external genital organs) and four in 79 
the perianal (cephalic, left and right lateral, and caudal) regions. Immediately after removal, 80 
samples were soaked in a 4°C solution of: 81 
 82 
saturated aqueous picric acid …. 15 ml 83 
formic aldehyde ………… …..... 5 ml 84 
glacial acetic acid ……………… 1 ml 85 
 86 
and kept at room temperature. This deeply penetrating solution, Bouin’s fluid, is suitable for 87 
speedy, progressive fixation of large tissue samples [Mazzi, 1977]. Fixed samples were 88 
processed for the ordinary light microscopy, in the Comparative Anatomy Laboratory of the 89 
Department of Biology (University of Florence). After 24 hrs, samples were rinsed in 50% 90 
ethanol to remove excess picric acid, dehydrated with increasing ethanol series, cleared with 91 
xylene, and embedded in paraffin according to routine methods. A total of approximately 4.8 92 
x 1000 serial 7-μm-thick sections were obtained with a rotary microtome (DIALUX 20 EB; 93 
Leitz – Wetzlar, Germany), to be stained with hematoxylin and eosin (850 sections, for the 94 
main investigation) or Mallory trichrome (320 sections, to obtain clear-cut images). 95 
Micrographs were collected with a digital camera (Coolpix 4500; Nikon – Tokyo, Japan) 96 
connected to a microscope (model 1512; Leitz) and processed with Adobe Photoshop CS2 97 
(Adobe Systems Incorporated, version 9.0.2) to obtain compound images with homogeneous 98 
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contrast of gray tones. This was achieved using Image Adjustments tools: 99 
Brightness/Contrast, Levels and Curves. 100 
 101 
 102 
Results 103 
 104 
In both specimens, the investigated cutaneous areas appeared largely hairless (figs. 105 
1A-B, 2A-B, 3B, and 4A-B). Hairs were of the vellus type, with thin cortices and reduced 106 
pigmentation (figs. 3C-D, and 4C-D). Vellus follicles showed the usual pattern of concentric 107 
cell layers in transverse sections (figs. 1F and 2C), and were associated with AGs and SGs. 108 
Follicles associated with SGs formed the pilosebaceous units. AGs appeared as coiled, 109 
secretory bulks, with a thick arrangement of tubules in deep dermal layers (figs. 1A-B, 2A-B, 110 
and 4A). AGs had straight ducts with stratified wall, and exhibited branched organization in 111 
intermediate dermal layers (fig. 1E). SGs were large in size and displayed specialized features 112 
according the topographical criteria stated above.  113 
 114 
Suprapubic areas 115 
The suprapubic areas of the intact male contained SGs consisting of several secretory 116 
units, either acinar or short-tubular in shape (fig. 1A), which drained into a main duct merging 117 
into the follicle through a dilated tract (fig. 1A and C). In transverse sections, the secretory 118 
units had a flower-like arrangement due to their radial convergence toward the central follicle 119 
(fig. 1C and F). In corresponding areas, SGs of the castrated animal showed ducts protruding 120 
from dense connective tissue sheaths around the secretory units (fig. 1B). Sebaceous units 121 
resembled solid tubules converging towards the duct (fig. 1D) that consisted of a sinuous tract 122 
(fig. 1E) and a somewhat enlarged terminal portion (fig. 1D-E). These secretory units, of 123 
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intermediate density, alternated to thick septa that were continuous with the gland sheath (fig. 124 
1D). In both specimens, sebaceous cells exhibited holocrine processes directed toward the 125 
duct (fig. 1C-D, and F) and gave rise to products with comparable features (fig. 1 A, C-E).  126 
 127 
Cephalic perianal area 128 
SGs with the traits described above were abundant in the cephalic perianal area of both 129 
specimens (fig. 2A-B). In the intact male, secretory units were acinar, with intermediate 130 
cytoplasmic density that decreased toward the light compartment of the dilated collecting duct 131 
(fig. 2C). Thin connective-tissue laminae separated the sebaceous acini and followed their 132 
radial arrangement (fig. 2C). SGs of the castrated specimen ranged from ellipsoid to pear-133 
shaped, with the largest axis orthogonal to the skin surface (fig. 2B and D). These solid and 134 
dense bodies included secretory units and ducts (fig. 2B). They largely consisted of a 135 
connective-tissue sheath that was denser than the ordinary glandular stroma (fig. 2B). The 136 
stroma gave rise to thin screens that were reinforced by additional layers of connective tissue 137 
and formed thick septa between secretory units (fig. 2D). These were club-like acini, with 138 
diameters comparable to the width of the initial tract of their duct (fig. 2D-E), which 139 
continued along a coiled course into the dilated terminal tract (fig. 2D). In both specimens, 140 
secretory cells (adenocytes) underwent holocrine disintegration along the acinus axis that 141 
appeared as a follicle-centered, foamy degeneration and was marked by cytoplasmic 142 
accumulation of lipid droplets. Additionally, pyknosis and karyorrhexis (i.e., nuclear 143 
shrinkage and fragmentation) were noted (fig. 2C-E).  144 
 145 
Caudal perianal area 146 
SGs in samples from the caudal perianal area of both specimens confirmed previous 147 
findings. SGs in the intact male were radially arranged acini (fig. 3A) converging toward 148 
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dilated ducts, and their widths contrasted markedly with the small compartments of the vellus 149 
hair channels (fig. 3C). An intermediate density of sebaceous cells arranged in several layers 150 
was observed between the light sebum inside the collecting duct and the opaque basal cells 151 
(fig. 3C). These undifferentiated adenocytes (adenoblasts) had remarkably high 152 
nucleoplasmatic ratios compared to partially or fully differentiated sebaceous cells (fig. 3C). 153 
Some secretory units had terminal portions resembling proper acinar ducts that independently 154 
drained into the common collecting duct and, thus, indicated a compound glandular structure 155 
(fig. 3C, and E). The common duct had a wide lumen that stored remarkable amounts of 156 
sebum, suggesting it is not merely a draining tract (fig. 3E). In the castrated specimen, SGs 157 
consisted of secretory units embedded with dense connective tissue (fig. 3B, and F). The thick 158 
connective tissue sheath largely obscured the arrangement of the secretory units (fig 3D), 159 
which alternated to inner septa of connective tissue in longitudinal sections (fig. 3B, and F) 160 
and displayed the typical gradient of holocrine degeneration toward the duct (fig. 3F). 161 
 162 
Lateral perianal areas 163 
The paired cutaneous areas flanking the anogenital axes of both specimens contained a 164 
few ordinary SGs that were relatively branched in the intact male (fig. 4A). In the castrated 165 
specimen, SGs consisted of a few small secretory units; therefore, low-power magnification 166 
showed pilosebaceous units primarily consisting of vellus hair follicles (fig. 4B). High-power 167 
magnification in both specimens revealed structural patterns consistent with ordinary SGs 168 
(fig. 4C-D), including lack of proper ducts and dilated specialized tracts. Groups of coiled 169 
tubules consistent with AGs were found in the deeper dermal layers (fig. 4A). 170 
 171 
 172 
Discussion and Conclusion 173 
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 174 
Present findings demonstrate that frozen specimens provide cutaneous samples 175 
suitable for ordinary light microscope analysis. Noticeably, images depicting patterns of 176 
progressive, polarized holocriny in sebaceous acini are more informative than features 177 
collected from museum specimens. Skin samples collected from these animals do allow 178 
cytological analysis [Moraes et al., 2006], but results provide a sharp differential step 179 
characterization of the holocrine process that is marked by an apoptotic feature gradient of 180 
lipogenic degeneration.  181 
Moreover, present data further our understanding of scent glands in male tamarins. 182 
AGs and SGs from suprapubic areas in males of the species Sanguinus oedipus represent 183 
rostral continuations of the specialized glands found in the unpaired anogenital region, but 184 
they resemble the ordinary type in adjacent paired areas. A linear suprapubic-anogenital 185 
distribution of scent glands is consistent with the “suprapubic marking” of tamarins [French 186 
and Snowdon, 1981; French and Cleveland, 1984] that occurs by active traction with an 187 
alternating or one-way dragging or sprawling of the ventral trunk surface onto a substrate 188 
(Fontani, personal observations).  189 
AGs in scent glands resembled of the ordinary type, but SGs showed specialized 190 
features that were especially noticeably in the intact male. SGs were large, but did not reach 191 
the “gigantic” size described in females [Perkins, 1969]. Peculiar features of scent SGs in 192 
males included a radial arrangement of acini and formation of a distinctive dilated reservoir 193 
devoted to product storage. Glandular products are stored in exocrine glands that exhibit 194 
phasic secretory discharge that possibly occurs in scent-marking behavior when friction is 195 
produced between the ventral body surface and substrate. In contrast, “ordinary” sebum is 196 
released continuously (i.e., through tonic activity) and provides constant protection to the 197 
hairs. The phasic activity of specialized SGs is consistent with the presence of basal pools of 198 
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stem cells that undergo an intermittent secretory differentiation induced by the discharge of 199 
material from the reservoir during scent-marking behavior. 200 
 The castrated male showed fibrosis patterns in specialized SGs, characterized by 201 
consistent features of stromal tissue growth between and around sebaceous acini. Since hairs 202 
and annexed glands are targets of androgenic steroids [Albone and Shirley, 1984; Chen and 203 
Zouboulis, 2009], it seems that sexual hormones may control the stromal components of SGs. 204 
It should be stressed that we cannot infer any causative relationship between castration and 205 
SG modifications, because of the small number of specimens investigated and the lack of a 206 
record about the age at surgery. Nevertheless, the data collected from the specimens under 207 
comparison confirm that the technic employed is suitable for the differential histological 208 
analysis of samples with a distinctive hormonal background. 209 
 210 
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FIGURE LEGENDS 261 
 262 
Fig. 1. Suprapubic areas from the intact male (A, C, and F) and castrated male (B, D, and E). 263 
Hematoxylin-eosin staining is shown in A-B and D-E. Mallory’s trichrome staining is shown 264 
in C and F. tg = apocrine, tubular glands (AGs). 265 
A. Large, specialized sebaceous glands occupy the dermal layers. Acini (large arrows) 266 
and ducts appear with enlarged and semi-transparent lumens (asterisks). AGs appear 267 
as thick clusters of coiled secretory units in the deep dermal layers. 268 
B. Sebaceous glands are recognizable by ducts with content of intermediate density (thin 269 
arrows). A cluster of AGs is also present in the image. 270 
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C. Sebaceous acini consisting of lipogenic cells organized in a radial arrangement. The 271 
holocrine process is emphasized when comparing the flat and dense basal cells (thin 272 
arrows) with the light secretory mass in the distal acinar tracts and duct (asterisk). 273 
D. Contiguous sebaceous acini resembling solid chords of secretory cells (thin arrows) 274 
involved in holocrine processes. The ducts (asterisks) contain dispersed materials and 275 
a septum of connective tissue (arrowhead) protrudes toward the sebaceous units. 276 
E. A sebaceous duct displaying sinuous (thin arrow) and enlarged (asterisk) tracts. The 277 
arrowhead points to the branched duct of the AG duct accompanying the SG duct.  278 
F. A pilosebaceous unit with acini and a villus hair follicle (arrowhead). 279 
 280 
Fig. 2. Scent glands from the cephalic end of the ano-genital area (antero-anal region) of the 281 
intact male (A and C) and the castrated male (B, D-E). Hematoxylin-eosin staining is shown 282 
in B, D, and E. Mallory’s trichrome staining is shown in A-C. dc = duct of SG, tg = apocrine, 283 
tubular glands (AGs). 284 
A. Specialized sebaceous glands at low magnification. Ducts are dilated and contain a 285 
transparent product. Acini are enlarged and secretory cells show homogeneous 286 
cytoplasm density (thin arrows). AGs appear beneath the sebaceous acini. 287 
B. SGs appear as dense structures (thin arrows) and are recognizable by the light 288 
compartments of their ducts. Apocrine glands occupy the deeper dermal layers. 289 
C. Representative patterns of specialized sebaceous glands. To notice sequential tracts of 290 
the dilated duct (large arrows), hair follicle (arrowhead), and acini arranged in a 291 
somewhat radial fashion (thin arrows), they are separated from each other by septa 292 
composed of moderately dense connective tissue. 293 
D. A specialized sebaceous gland displaying elongated secretory units (arrowhead) 294 
flanked by thick septa of connective tissue. Each septum consists of a thin inner layer 295 
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that is continuous with the peri-glandular stroma (thin arrows) and a thick outer layer 296 
of denser connective tissue (large arrows). 297 
E. A sebaceous unit composed of secretory cells with decreasing cytoplasmic density 298 
gradients (bowed arrow). 299 
 300 
Fig. 3. Specialized sebaceous glands from the postero-anal region in the intact male (A, C, 301 
and E) and the castrated male (B, D, and F). Hematoxylin-eosin stain is shown in B-F. 302 
Mallory’s trichrome staining is shown in A. dc = duct 303 
A and B. Comparison of specialized sebaceous glands, in which the convergence angles of 304 
acini toward the duct are either wide (thin arrows) or narrow (arrowheads). 305 
C. Structures of specialized sebaceous glands. The duct is dilated and continuous with the 306 
channel of the vellus hair (arrowhead). Thin arrows indicate secretory cells in 307 
intermediate stages of holocriny, while the large arrow indicates a proper acinar duct 308 
merging with the common SG duct. 309 
D. SG in a semi-tangential section. A thick sheath of connective tissue (thin arrows) 310 
encompasses a dilated duct (large arrow) and hair channel (arrowhead).  311 
E. Duct exhibiting a remarkably dilated lumen. Thin arrows indicate its junction with a 312 
short acinar duct, and the arrowhead indicates acinar stem cells. 313 
F. Acini showing an obvious gradient of holocriny from the periphery (thin arrows) 314 
toward the duct (large arrow). Bowed arrow indicates the connective tissue sheath that 315 
is continuous with the inner septa. 316 
 317 
Fig. 4. Cutaneous areas from both lateral sides of the anogenital region. Specimens from the 318 
intact male (A and C) and castrated male (B and D) are shown. Hematoxylin-eosin staining is 319 
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shown in B-D. Mallory’s trichrome staining is shown in A. tg = apocrine, tubular glands 320 
(AGs). 321 
A. Ordinary sebaceous glands consisting of a few elongated secretory units (large arrows) 322 
converge toward the hair channels. AG clusters are observed in the deep dermis. 323 
B. Hair channels (thin arrows) are associated with small sebaceous glands. The 324 
pilosebaceous units seem to lack any secretory components at low magnification. 325 
C. Pilosebaceous units with medium-sized acini are indicated by large arrows. 326 
Arrowheads indicate the vellus hairs. 327 
D. A sebaceous gland consisting of a few, small secretory units is indicated by a thin 328 
arrow. The arrowhead indicates a vellus hair. 329 
